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AN OVERVIEW OF RESUSPENSION MODELS:
APPLICATION TO LM LEVEL WASTE MANAGEMENT

J. W. Healy

Los Alamos Scientific Laboratory
P. 0. BOX 1663

Los Alamos, New Mexico 87545

ABSTRACT

Resuspension is one of the potential pathways to man for
radioactive or chemic~l contarllinants that are In the
biosphere. In waste management, spills or other surface
contalllinationcan serve M a ‘sourcefor resuspension during
the operational phase. After the low-level waste disposal
area is closed, radioactive materials can be brought to the
surface by anhucls or insects or, in the long term, the
surface can be removed by erosion. Any of these methods
expose the rrratlsrialto resuspension in the atmosphere.
Intrusion into the waste mass can produce resuspension of
potential hazard to the intruder. Removal of item frcsnthe
waste mass by scavengers or archeologists can result in
potential resuspension exposure to others handling or working
with the object. The ways in which resuspension can occur are
wind resuspension, mechanical resuspension and local
resuspmsioo. While methods of predicting exposure are not
accurate, they include the use of the resuspension factor, the
resuspension rate and mass loading of the air.

INTRODUCTION

Resuspension and inhalation of the resuspended mattrial Is a
potential pathway whereby radioactive materials can be transferred from
the ground, or other surface, to man. In general, It Is of greatest
Importance for those radionuclldes that are strongly discriminated
against in the food pathway. If the radionuclides are strongly taken up
by foods, and food frcm the contaminated area is used, the contribution
to the dose fran resuspensionand Inhalation is usually small.

in this paper, we discuss the application of this pathway to the
management of low level wastes and describe briefly some of the methods
of estimating alr concentrations frcmn resuspended materlalo More
detailed discussions of the technical details are available in the
literature [1,27.
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RESUSPENSION

Before entertaining the question of how resuspension is involved in
low-level waste management, let us consider what resuspension is.
Technically, it is the suspension of a material In a fluid after this
material has once been deposited on a surface from a previous
suspension. Thus, resuspension. Thfs fluid can be either air or water
and resuspension in=oth can be of importance in analyzing potential
problems frcm low-level wastes. Air suspension is used in estimating
quantities inhaled and water suspension is important in the movement of
radioactive particles in streams or other bodies of water. However, for
this discussion, we will confine our attention to the problen of
suspension in air.

It should be app?rent that not all sources meet the technical
definition of resuspension given above. For example, if a radioactive
material is spilled on the surface or if it moves upward to the surface,
it has not been depo~itd by a previous suspension and should not really
be considered as resuspension. However, because the mechanisms for
suspension are sim~ar regardless of the method of contamination, it iS .
convenient to change the definition to include all cases in which the
material beccmes airborne frcm the SU,face.

It should also be made clear that the suspensions that we are
concerned with are not the true colloidal suspensions that the chemists
are used to but, rather. are particles kept in suspension by the
turbulent movement of tho fluid in which they are carried. Thus, an
aerosol resulting from resuspended materials can contain much larger
particles than could be ilvjefinitely suspended iilstill air. In fact,
those of you who have been caught in sand storms with strong winds will
realize that ‘iergeparticles th~t can sttng when they hit can be carried
under cund?tims of highly turbulent winds.

RESUSPENSION ANO LCW-LEVEL WASTES

Now, how does resuspension fit into the analysis of low-level
waste? Obviously, if’ we do cur Jobs perfectly it w1ll not bccane a
factar. There are, however, complications such as accidents or spills
that must be conslderrd and accomted for as well as a few potential
complications that could arise with the long-term bt?haviour of the
burial grounds.

In figure 1, we find an elementary schem~tlc dra~’ . :: . :&L WUjJ
that pccplc c3n be exposed f)cm low Icvel waste operations. A number of
the pathways to man have no connection with resuspension but I have
includd sane of these as dott~d 00XCS ~nd lines for the sake of
complct.eness.

The tral)sport accldcnts and cpills can result in contaminated
surfaces that earl glvc rlsc to resuspension and Inhalation of
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rad ioactive materials by man. These, however, should be of relatively
minor concern: frcxn the resuspension point of view, because they are
usually noted and the area cleaned before serious resuspension can
occur. There may be sane long-term build-up of activity at places such
as loading docks here the material could be resuspended, but this
problem can be controlled by monitoring. These potentitilproblems are
encountered in the operational phase of the disposal area and can be
handled by “institutior~al”methods because the workers are alreiidy
there.

However, there are later opportunities for movement of
radioactivity to surfaces where resuspension could be a factor. Sane of
these are shown in Fig. 1. For example, transport of the activity to
the surface by water, ants, burruwing mamnals or other means can produce
a source exposed to winds or other disturbances, that could result in
resusp~nsion. The possibility that could expose the largest number of
people to smell quantities starts with tramport to an aquifer. The
water frcm this aquifer cou’d be withdrawn fran wells and used for
irrigation, with the radioactive meterials adsorbing on clays or humus
to gradually produce large contaminated areas. If the aquifer empties
into a stream, radioactive materials will cccmulate in sediments which
can be deposited on flood plains or the water can be used for irrigation
with the same result as the use of well water. One aspect of
resuspensio,l in these cases which leads to the food pathway is the
resuspension and deposition on food plants. Experience with nucl ides
that are only poorly taken up by plants indicates that this can be an
import(3nt factor.

Another series of pathways involving resuspension occurs in
disposal areas containing long-live< radionucl ides. Here we can
post~!ate eventual removal of the cover material by erosion, either by
wind or water. When this occurs, we are left with a contamin~ted area
to depths of several meters, augmented by surface contamination In the
surrounding area cau.:tiby the materials removed and carried dowrwlnd or
downstream. This radioactive i’ndterialcan be resuspended by winds or by
mcvement in thu area. This is a futuristic scenario depending upon the
partir’Jlar site of disposal. With average erosion rates, it could occur
sane thousands or tens of thousands of years fran now although gully
erosion could occur much faster but on a limited scale. In some areas,
the net erosion pattern is such that the disposal
buried deeper,

tea will be simp?~
but the present tendency to look for ~leas that are “high

and dry” to site disp~sal areas could ellminate this possibility because
the high sites with a long distance to the water tab’e are just tho!;c
th,~t,will k ~~ 1 ncg~tive-gain erosion potential.

The intrusion case, i.e. where an individual digs into an area,
either knawlngly or unknowingly, results in resuspension caused by his
ar-tiviti~s. In an enclosed space this can result in high concentrations
of dust and associated racl!oactlve mat~rials with the Individual
inhaling these materials. However, this exposure will be limited to the



. individual or Indivtdutils concerned unless contaminated Items or
materials are renm~ and taken to a place where others can be involved.

?his ;c~:::::ity brfngs up the case in tiich an archeologist,
●ither emaseur or professional, investigates these disposal areas for
‘treasures” of the past. Old burial grounds are the source of much of
our kmw?edge of the prehistoric past and they serve as magnets to draw
those interested in history. He hope that the level 01 knowledge In the
future will be such that proper precautions are taken when this event
do~s occur. but this is just the type of point that w cannot assure
wltlmut sunefllance of disposal areas until the radionuclicieshave
dec~yed. Cbviously any contamination on any objects removed could serve
as a source of resuspensicm ard inhalation by any imlividual who handles
or wrks with these djects.

One special case in this category results frhm the current practice
of using non-degradable plastics to contain the contamination du~-ing
handll-g of the udste~ w route to the disposal area. Current
informuiion gives 1ittle reason to believe that these plastics will not
preserve their contents dnd remain intact ur,derthe conditions of burial
in the soil. This raises the possibility of recwery of such packages
with consequent exposure Men the package is opened.

CLASSES OF RESUSPENSION

We have divided the overall resuspension problem into three classes
deffned by both thefr characteristics and the information needed to
solve them.

The first class is wind resuspension. This occurs Men the wind
blowirq over a field resus~ends partfcles and moves them downwind. Much
fs known about the mechanics of thfs class through the many studies of
w!nd erosion of agricultural fields. In essence, there is little
suspension of SOf? pdrtfCleS L#I~CSS d pht?MMOtI called “SdltatfOn”
occurs. Here, p,’rtfcleson the order of 100-200 Um in dianeter start
rolling over the surface and then jimIpinto the air under the pressure
of the WiMI. They, then, trsvel forward with the wind, gaining ener!!y
and meantilic falling ur,derthe force of gravity, until they impact on
the grout%. Thfs Impact dislodges other smaller particles that are
suspended In the air. Such a process wil1 start at the edqe of a field
ad increase fn fntensity cbwnwfti untfl a maxlnwm Is reflched. One
other process for wind resuspension,that has not been well Investigated
could result frcm the deposition of an aerosol on vegetation.
Presumably any of this material that is not bound tc the folfage by
adsorption or absorptica could be dfslodged by movement of the folfage
/rdcr the action of the wind.

The second class of resuspension is that caused by mechanical
disturbance of the soil with the resuspended partfcles movfng downwind
to cxlmse people. iii;Jti~bld be, for example, a farmer plowing a field



or people walkfng or m-king and disturbing the soil. The familfar dust
cloud raised by such activities In dry weather fs a sign of such
resuspension. Here the forces requfred for resuspension come frcnnthe
activity but the movanent, once the materfal is fn the air, is dependent
upon the winds. Many such disturbances are pofnt sources at the pofnt
of disturbance rather than a broad area source as with wfnd
resuspension. Another difference between these two classes fs the depth
to which the disturbance reaches. h wind resuspension the depth frcxn
tiich resuspension can occur fs dependent upon the depth reached by the
saltating particle or fairly shallow. In mechanical disturbance the
depth can be Inches or even feet depending upon the type of disturbance.
Thus a source at greater depth can be resuspended than occurs with
winds.

The final class is local resuspension. This is the resuspension
leading to a cloud in the inmedfate vfcfnity of an individual causing
the disturbance. It can apply to an individual handling a contaminated
object, to an individual digging a hole in contaminated soil or to the

- dust cloud surround~ng a farmer plowfng a ffeld. iihereasthe concern
with the previous two classes was with people dowmwind from the source
of the resuspension, the concern with this class Is with the individual
causing the disturbance.

EVALUATION OF RESUSPENSION

Now that we have pointed out sane of the ways in which the
resuspension pathway to men can be of interest to low-level waste
dfsposal, how can we evaluate fts seriousness? In other words, if we
can defiilea source term how can w evaluate the potential exposure to
man? The only proper answer at thfs time fs that we do ft with
considerable uncertainty and with many assumptions. Unfortunately, the
studies required to better understand these problems and to obtain
adequate COeffiCiWIts for use are not wll funded.

lhere are three methods, or models, for estimating resuspension:
the resuspension f~ctor, the resuspension rate and the mass loading of
dust in the air.

The resuspension factor Is defined as the ratio of the air
concentration resulting fran resuspension to the quantfty of co:ltamfnant
per unit area at the location Were the a~ sample was taken. Usually,
the air concentration is in activity perm and the ground contamination

:21! activity ‘er
J Thus, the units of the resuspension factor are

lhere are many ;;lUCS of the resuspension factor in the literature
because it has been the most widely used method for many years and
measurements are relatfv~ly simple. lypical of these values are those
in a table by Mishina [3:. In this table, the v~lues vary over about 10
order of mzgnitude. tbwever, closer examination of this table shows
that wind resuspgnsiln with freshly dePosfted material As in th ran c
of lo- to 2X10- m- and for aged deposits from 6X10-1 to ~f#3 #
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Fo~ mechanical disturbance the range seems to be fran 2X10-6 to 7X1O-5

m- . However, many of these tests were done In arid country and may not
be typical of other areas.

A decrease in the resuspension with time can be expected following
deposition frcm the atmosphere. This decrease is caused by penetration
of the contaminant into the soil or by other means of fixation, such as
zdsorptlon on large soil particles. lnltfally, rather crude
measurements at the Nevada Test Site indicated a decrease with a half
life of about one month [4:. Mwever, as information has accunulatec!,
it is apparent that any decrease with time is over a much longer period
of time than one month. Anspaugh4[5~1has formulated a relation in which
the resuspension is-~i~~lly 10 m with a decrease over a per~od of
severel years to 10 m . It should be stressed, however, that sltcha
relation is based upon meager data obtained in only one area. It may
also be noted that such a decrease with time will probably not c,ccurfor
other types of deposition such as liquid spills or contaminants brought
to the surface frcm a below grede disposal site because these actions
result in an initial mixfng of the contaminant with the soil.

lhe resuspension factor has conceptual problen; when it is used for
describing wind or mechanical resuspension. For example, it does net
account for resuspension ihat occurs upwind. It is primarily an
empirical concept with little hope of eventually descrtbincj the
importantvariables involved in resuspension. Ihever, frcuna practical
standpint, most of the past measurements have been made using this
method of interpretation so that some data are avaflable. lhe
resuspension factor, or sune variation of it, may also be a lfkely
choice in describing local resuspension because the receptor and the
source of contamination fn the air are at the same place.

lhe second method of describing resuspension Is thrGtighthe use of
the resuspension rate. The resuspension rate is the fraction of the
C?rt:s::?::: !n the gr3::m! thz~ iz r-~c~s;erdz! per unit time. lhis rate
describes a source term that can be used with the known correlations for
meteorologicaldispersion to estfmate the air concentrations of the
contaminant downwind. There are not many measurements o’ the
resusp~nsion rate avaflable. ‘eheme.!Il[6/ousl~! a no-qadtoactfve
ccfitaminant, measured values of JO sec for wind
resuspension i~l~ lightj~ ~egetatd area. Anspaugh et al. [73 measured
values of SxiO to 10 for wind resuspension in an area
Tes~lSite. For mechanical resuspension values of 1x1O

4?it:55;43

sec for an individual walking in a contaminated asphalt hfghway have
been inferred [2] frcinmeasurements made by Sehnel [8~. For a truck
drtving through a tracer o~8m asphal$ high~ay %hmel [9. report~ values
equivalent to rates of 10 to 8X1C- sec- with the resuspension rate
varying with the speed of the vehicle.

The resuspension rate Is plaguet hith the difficulty that too few
measurements have been made to allow use for types of sofls and in areas
different than those in ‘Alch measurements have been made. It also

I



requires knowledge of the pattern of contamination on or fn the SOIIS of
the contaminated area. However, it does provide additional detail on
the meaning of the measurements and, as information increases, m3y w1l
be the method of choice for specific areas. It’s value in studyi~ the
phenomenon of resuspension is il1ustrated by the findings in the past
few years that the rate of resuspension increases with the wind sw&l at
rates up to the 8th lxmr of the ~“nd speed depending
soil [10~.

upon the type of

the m=ss loading
air has the same
Anspaugh et al.

lhe third method for calculating resuspension is
approach. Here, it is assuned that the dust in the
concentration of contaminants as occurs in the soils.
[llZ have collected information fran a nunber of sources and h-aveshown
that reasonable agreement between measured and calculated concentrations
can be had if one assumes, for the calculation, that the concentration
of dust in the air is 100 ug per m“. Since it is doubtful that the
actual concentration is this high, this finding should be regarded as a
correlation rather than as a true relation between
concentration of contaminant.

actuai dust and

the measured mass
cculd hav~ arisen
the dust frcxnthe

There are problems with this concept also in that
loading at a given point Iepends upon the dust which
frcnna lar~~ distance upwind and wuld serve to dilute
contaminated area: particularly if the contaminated area is small.
There have also been questions raised as to the source of the dust from
the soil. That is, if the soil contains a large fraction of smaller
particles Aich contain all of the activity, the concentration in this
fraction is the one that should be used in the calculations. Cne
investigator [12: has gone so far as to destroy all of the natural
aggregates in the soil and to use the concentration in the remaining
smell particles, which do not exist in nature, as the basis of the
calculation. However, all correction factors suggested for this effect
using the particle size distribution in natural soil have been
canparatively small: less than a factor nf two. The use of the mass
lo~ding has certain value, however: particularly in view of the
~’orreldtionmentioned earlier. It should be noted that this correlation
was obtained on ambient air with no disturbances in the vicinity. lhus,
if it is t~ be used, the mass loading shou?d be increased by sane factor
to allow for the possibility of mechanical disturbance. liebelieve that
the mass loading may be the DeSt method for generic studies not tied to
a specific site.

DISCUSSION

lhis has been a very brief discussion of the role of resuspension
in low level tiastemanagement. Other r~ferences are available that will
provide additional detail [1,2~. However, it is apparent that the
information a’~ailableis not really adequate to do more than make a
crude estimate of the inh~lation problem fmn any of the three classes
of r~suspension. Additional studies, providing both basic

,
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understandings of the mechanisms of wind resuspension and empirical data
tied to specific types of areas ard actions are needed to provide data
for better estimates.
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FIGURE LIST

Fig. 1. Schematic drawing of pathways to man frcunlow-level waste
operations. Solid lines are related to resuspension while dotted lines
are other pathways.
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